Objective: although the vaccination against hepatitis A (VAH) and hepatitis B (VBH) is recommended in patients with HCV, the most cost-effective strategy has not been established. Our objective was to compare the cost-effectiveness of universal strategy (vaccination all patients) with selective strategy (vaccination only patients against virus they lack immunity to) in patients with HCV.
INTRODUCTION
We currently recommend vaccination against the hepatitis A (HAV) and hepatitis B (HBV) viruses as a part of preventive measures for patients with chronic liver disease (1, 2) . This is due to the knowledge that the presence of an underlying liver disease, together with age, is one of the most important factors for increased morbidity and mortality after infection with these viruses.
Hepatitis by HAV is usually a self-limited condition with a fatality rate of 0.01 to 0.5% in adults. However, when it occurs in individuals with chronic HBV infection, mortality can be up to 50 times higher than expected in healthy individuals (3) . In relation to chronic liver disease by HCV, a controversial study was published (4) reflecting the development of liver failure in 41.2% of patients with HCV-related chronic hepatitis who had acute infection with HAV, which led to death in 6 cases. Similarly, other studies have confirmed the worse course of acute hepatitis A when it occurs in individuals with chronic liver disease either secondary to alcohol or cryptogenetic in nature (5) .
The consequences of acute HBV superinfection in patients with chronic liver disease by HCV are uncertain. Although some individuals experience a rapid progression to fulminant hepatic failure, others may present a resolution of both infections as reflected in a study (6) ; however, this has not been confirmed. Regarding chronic infection with HBV and HCV, studies have shown that these patients have more severe liver damage and more complications, including an increased frequency of hepatocellular carcinoma, when compared to non-coinfected patients (7, 8) .
Although in recent years the incidence of HAV and HBV infection has decreased in most industrialized countries, due to improved socio-economic conditions and various immunization programs, these conditions remain a very important public health concern, and an increase in hepatitis cases by these viruses has been reported in young adults, including some outbreaks (9) (10) (11) .
At present we have vaccines against HAV and HBV that are safe, effective and well tolerated by healthy subjects and patients with chronic liver disease; however, in the latter effectiveness diminishes with disease progression (12, 13) , and so vaccines are recommended in the early stages of liver disease.
Due to the high cost of vaccination against HAV and HBV in patients with chronic liver disease by HCV the various health systems need to design the most cost-effective vaccination strategy and to evaluate the usefulness of identifying permanent immunity markers against these viruses as a precursor to vaccination of only nonimmunized (selective strategy) subjects, as opposed to the vaccination of all subjects with chronic liver disease (universal strategy). In addition, to find the best strategy we need to know the prevalence of immunization against these viruses in patients with chronic HCV infection, which may differ from that of the general population due to certain characteristics in some of them, and also the costs of serum marker measurements and vaccines.
The objectives of our study have been to know the prevalence of immunization against HAV and HBV in individuals with chronic HCV liver disease, and to compare the costs of vaccination with the universal versus the selective strategy for each of these viruses in these patients.
PATIENTS AND METHODS
Between January 2003 and May 2004 we studied 313 adult patients with chronic HCV infection followed at the outpatient clinic, Gastroenterology Hospital Río Hortega, Valladolid.
We analyzed age, sex, alcohol consumption, presence of tattoos, injected drug users (IDUs), blood transfusions and surgery before 1990, and previous vaccination against HAV or HBV.
All of them had serum markers for HCV (anti-HCV) measured using microparticle enzyme immunoassay with the HCV 3.0 AXSYM autoanalyzer (Abbott Laboratories), for HAV (anti-HAV Ig G type) using an enzyme immunoassay with the autoanalyzer AXSYM Habab 2.0 (Abbott Laboratories), and for HBV (HBs Ag, anti-HBs, anti-HBc) using an immunoassay with reagents Elecsys electro-chemoluminiscence HBsAg, Elecsys Anti-HBs and anti-HBc, respectively, with the automatic analyzer Roche Elecsys 1010/2010.
For statistical analysis the data were processed using the Statistical Package for Social Sciences, version 12.0, considering statistical significance for an error α < 5%. We calculated the prevalence of anti-HAV and anti-HBc by age groups in patients with chronic HCV infection. Taking as reference value the younger group (≤ 40 years), we calculated the relative prevalence in the other age groups and their corresponding 95% confidence intervals.
To make the cost-effective study of the two strategies of vaccination against hepatitis viruses A and B, the costs of the vaccines and reagents necessary for carrying out the serological screening in our area were considered, as well as the costs of the health staff responsible for drawing blood, serum findings, and vaccine administration (Table I) . To minimize costs, serum tests in the selective strategy and the indication of vaccination in both were included in the routine medical program for the review of patients with chronic HCV infection, and the number of medical consultations for both strategies was the same. The study was approved by the Ethics Committee of our institution, and all patients consented to be part of it, and allowed the use of data collected in their medical records, and serum testing for hepatitis A and B where missing. It also met the current legislation on personal data protection.
RESULTS
Of the 313 patients studied 185 were males and 128 females, with an average age of 50.7 years (range 24-82 years). A history of alcohol consumption, presence of tattoos, IDU status, and blood transfusion and surgery prior to 1990 were present in 24.9, 11.2, 21.1, 36.7, and 51.1% of cases, respectively. No patient had been vaccinated against HAV and 9 had received an anti-HBV vaccine. The prevalence of anti-HAV found in our patients with chronic HCV infection was 81.2%. Table II identifies that the prevalence of anti-HAV increases linearly with age, from 50% in those younger than 40 years to 97.45 in those in the 61 and older range. Taking as reference value the younger age group, the excess risk, measured by the relative prevalence, is 70, 88, and 94% in the three age groups, this being in all cases statistically significant.
As for HBV markers, HBsAg was present in 1.3%, anti-HBs in 20.1%, and anti-HBc in 24.6% of cases. Regarding the relationship of anti-HBc with age, we noted that, unlike the previous situation with the prevalence of anti-HAV, the prevalence of anti-HBc has no linear trend in patients with chronic HCV infection. It is highest in the group of 41-50 years with a value of 33.6% and a PR of 1.96 (95% CI: 1.12-3.35) in relation to the group with ≤ 40 years. In other groups, prevalence ratios showed a clear trend that was not statistically significant (Table III) .
To assess the costs of vaccination against HAV for patients with chronic HCV infection, we calculated the differences between the use of a universal strategy, involving the vaccination of 313 patients with two doses of vaccine Havrix ® 1440 (SmithKline Beecham Biologicals), which sums 19,806.64 €, with the implementation of a targeted strategy, whose overall cost of 9899.62 € would be the result of adding the costs of anti-HAV IgG measurement in 313 individuals (6,166.1 €) over the vaccination of 59 anti-HAV-negative individuals (3,733.52 €). Table IV lists the results of both strategies by age groups.
With regard to immunization against HBV in these patients, the universal vaccination of 313 patients with three doses of Engerix ® 20 vaccine (GlaxoSmithKline) would cost 18,780 €, while the targeted strategy, using anti-HBc as a marker after immunization against HBV, would amount to 20,385.57 €, the result of aggregating the costs of measuring this marker in 313 patients (6,225.57 €) over the vaccination of 236 anti-HBc-negative patients (14,160 €). This is reflected by age groups in table V.
If the serologic screening is done by anti-HBc and anti-HBs, the selective strategy would cost 24,062.59 €, while 28,770.11 € is estimated for the combination of these two serum markers with HBsAg. The use of the combined vaccine Twinrix ® (GlaxoSmithKline), following a universal strategy with three doses, would cost 60,096 € for the 313 patients. This cost would drop to 33,721.19 € using the combined vaccine for the immunization of 50 selective patients identified as anti-HAV-and anti-HBc-negative, and the corresponding monovalent vaccine in individuals with a single negative serologic marker.
DISCUSSION
While several studies (3, 4) have shown an increased morbidity and mortality of HAV and HBV infections if they occur in individuals with chronic liver disease, and recommendations have been made thereon by various international health agencies (1,2), vaccines against these viruses in patients with chronic HCV infection are underused (14) . One of the major obstacles that stand in the way of proper vaccination for these patients is the high cost that this preventive measure implies (15) , making it vital to develop vaccination strategies that are more costeffective.
In our series of patients with chronic HCV infection we found a rate of immunization against HAV of 81.2%, similar to that found by other authors (16) . Because anti-HAV prevalence is lower among younger individuals, 50% of our patients with chronic HCV infection under 41 years were susceptible to acute infection with HAV, as described in an epidemiological study done by our group in this same population (17) .
With regard to HBV, 24.6% of our patients with chronic HCV infection were anti-HBc-positive. This serologic marker shows no association with age and, although it is higher in those older than 41 years, the rise is not age-dependent.
Combining these percentages with the costs of immunization, serologic screening, and vaccination, we conclude that the strategy of vaccination against HAV that is most cost-effective for our patients with chronic HCV is the selective one, since it represents saving 9,907.02 € versus universal vaccination.
Furthermore, by comparing the two vaccination strategies in subjects younger than 40 years versus those older than 41 years (Table IV) , we found that the increasing prevalence of anti-HAV according to age parallels the savings obtained by targeted vaccination. Therefore, in both groups targeted vaccination is most cost-effective; among those under 40 years the difference between costs for both strategies is already very low and, if we include a greater representation of younger age groups, there would be a point where universal vaccination would be most cost-effective. This occurs when the prevalence of anti-HAV was 31% lower.
Despite significant limitations due to the low number of patients younger than 30 years in our series, we observed that, whereas in the subgroup of 30 to 35 years the prevalence of anti-HAV was 47%, in those below 30 years it was less than 20%, namely 14%. Therefore, in our context, targeted vaccination against HAV is a costeffective strategy for patients with chronic liver disease by HCV, probably except for those under 30 years, in whom universal vaccination might be more advisable.
Other previous studies have provided results similar to ours. A Spanish study (18) concluded that vaccination should be used selectively in those groups where the prevalence of anti-HAV exceeded 27%, and recommended universal vaccination for subjects under 24 years of age in one group at risk. As this study was published in 1995, the age gap between this and the findings in our work could be partly due to the gradual decline in natural immunization against HAV that is occurring in young individuals in developed countries.
More recently, a French study (19) showed that targeted vaccination of patients with chronic liver disease by HCV is more economical than universal vaccination, especially for those under 40 years.
Other American authors conclude, regarding the costs and prevalence of anti-HAV in their environment, that universal vaccination is recommended when the prevalence of anti-HAV is less than 12% (20) , 22% (21), or 50% (22) . Siddiqui et al. (21) conclude that targeted vaccination is particularly indicated in those older than 40 years and in Afroamericans, due to the high prevalence of anti-HAV in these subjects, whereas Duncan et al. (20) set the cut-off age at 30 years.
In two other studies (23, 24) , targeted vaccination against HAV for patients with chronic HCV infection has been cost-effective to reduce HAV-related morbidity and mortality.
Regarding vaccination against HBV in patients with chronic liver disease by HCV in our context, universal and selective strategies, using the anti-HBc, are very similar in terms of cost-effectiveness (18,780 € vs. 20,385 .57 €) (Table V) . However, with our costs, targeted vaccination would be most cost-effective from a percentage of positivity for anti-HBc of 32%. Using a combination of various serological markers of HBV raises the cost of selective vaccination well above universal vaccination.
Our results are consistent with those described previously by other authors. Thus, while the screening prior to vaccination against HBV is not cost-effective in the general population (25) , it may be in patients with chronic liver disease by HCV (5, 26) with the highest prevalence of immunization against HBV. In this respect two recent papers argue that targeted vaccination is recommended when the rate of immunization against HBV is greater than 10% (21) or 30% (27) , respectively.
Furthermore, selective vaccination would be particularly profitable in the subgroups of patients with chronic HCV infection with a higher rate of immunization against HBV, including IDUs, male homosexuals, Asian-Americans, or immigrants from endemic areas (21, 26, 28) . In our study we found a percentage of positive anti-HBc of 48.5% in IDUs (n = 66) and of 18.22% in non-IDUs (n = 247), whereas in carriers of tattoos (n = 35) this percentage was 45.7 versus 21.94% for non-tattooed individuals (n = 278). The antecedent of being an IDU and of having tattoos was significantly associated with the presence of anti-HBc in patients with chronic HCV infection (p = 0.0000 p = 0.0003, respectively), so that targeted vaccination may be most advisable.
There are different opinions about which is the best serum marker for prescreening in targeted immunization against HBV. The single measurement of anti-HBs may be insufficient because up to 5% of individuals may have isolated anti-HBc as only marker for HBV infection (29) , which in most subjects means permanent immunity after a past infection but not anti-HBs positivity. Therefore some authors recommend the use of anti-HBc as a marker for immunization against HBV (21, 28) . However, their use alone does not distinguish between chronic hepatitis B virus infection or exposure to this virus after immunization, and there are false positive results, so other authors recommend HBsAg and anti-HBs (30), while others employ a combination of HBsAg, anti-HBc (Ig G), and anti-HBs (31). Our view is that it may suffice with antiHBc screening since its absence identifies patients most likely to suffer acute HBV infection.
The use of a combined vaccine against HAV and HBV, although initially with higher costs, could be cost-effective by reducing the number of punctures and visits to clinics, and improving the compliance of patients is a determinant factor to increase cost-effectiveness (32) .
It should also be noted that public health centers where the costs of health staff can be included within the activity of each center, the selective strategy achieved a greater cost, although a recent study (33) looking for the best vaccination strategy against HAV and HBV infection in patients with chronic HCV concluded that, although selective vaccination is most cost-effective, universal vaccination may achieve greater efficiency to immunize more patients with an increase in cost per patient that is small and manageable, taking into account the morbidity and mortality prevented.
In any case it seems clear that we need further studies to assess, among other things, the indirect costs of each strategy in order to allow for more precise recommendations.
